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Abstract 
This study analyzes and quantifies the adhesion strength at interfaces between a metal and other ceramic materials. This is part of 
a larger work focused on the characterization of this type of interfaces applied in the area of dental materials. The experimental 
work consists in preparation, manufacturing and testing of specimens under IRAM-ISO 9693 Standard Project, related with 
porcelain-metal dental restoration systems. The Standard proposes assays involving the determination of the applied force 
causing the detachment or separation of a portion of ceramic deposited on a metal base, during a three-point bending test. 
Nowadays, there are no precise methods to assess with accuracy the instant of the debonding. It is a continuation of a previous 
work, using the Acoustic Emission (AE) method to determine more precisely the process of separation between the materials and 
also to assess the type of fracture process. This technique involves detection of signals produced by any source of AE such as 
propagation of microcracks, deformation, etc. These sources change the material stress field, producing and propagating elastic 
waves that reach the surface, where they are detected by the AE sensors. 
In these tests, the bending load is applied at a constant rate on the metal substrate. A load cell senses the applied force. The AE is 
measured with a two-channel AE system, obtaining the features of the AE signals. Furthermore, a displacement sensor (LVDT) 
was implemented to correlate load with the tip displacement. The tests are monitored and filmed with a digital microscope. 
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1. Introduction 
The quality of dental restoration systems, basically depend on the interface metal/ceramic systems adherence, 
Carrizo (2011). The aim of this work is to study that adherence. This study is a second stage related with a previous 
metal/ceramic interface investigation, Ortega et al. (2013), Ortega et al. (2014). The interface was characterized by 
the metal/ceramic debonding during three points bending tests. The Acoustic Emission Technique (AE) was applied 
to detect the metal/ceramic separation moment. 
The first step of that technique consists in a stress application on a sample. The load produces a change in the 
internal stress field of the sample and it generates the propagation of mechanical weaves. In the present case, the EA 
sources are associated to the metal/ceramic separation. When the mechanical weaves reach the material’s surface, 
they hit the piezoelectric sensor (PZT), and it transforms the mechanical energy in electrical energy, see figure 1(a). 
The AE method, excessively sensible to the microcrack propagation in brittles materials like ceramics, allowed 
the extraction of characteristic parameters. They give information about the stresses, strain level and microevents 
features at the interface separation instant. The main aim of this study is to justify the application of AE on tests 
based on ISO-IRAM 9693 Standard Project (2008). This Standard is related to dental restoration systems. In this 
work, twelve similar samples were made of NiCr alloy substrate and a ceramic layer. A heat treatment was applied 
to the substrate of six samples after the sandblasting treatment. Then, two groups were obtained, one with heat 
treatment (HT) and the other without it (WHT). Hence, it is possible to study the influence of heat treatment in the 
metal/ceramic interface.  
2. Experimental procedure 
2.1. Preparation of samples 
The samples used in this research were prepared according to the ISO-IRAM 9693 Standard Project (2008) 
related with Metal-Ceramic system for dental restoration, Ortega et al. (2013), Ortega et al. (2014).  The samples 
were made of NiCr alloy substrate (http://protesisdentaljc.com/verabond.php) and feldspar porcelain (Noritake) as 
ceramic layer, Martínez Rus et al. (2007). The dimensions of the samples are represented in Fig. 2. 
The heat treatment started with a vacuum stage at 600°C. Then, the temperature increased to 980°C at 60º/min. 
Finally, the vacuum was removed and the last temperature was kept for 5 minutes. 
 
 
 
 
 
 
 
 
 
Fig. 1. Block diagram of a typical Acoustic Emission System. 
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Fig. 2. Sample scheme according to IRAM ISO 9693 Standard Project 
2.2. Test of Samples  
The measurement system was formed of two parts, the mechanical system and the AE system. The mechanical 
system consisted of a tip moving at a constant velocity of 1.5 mm/min. The tip moved until reach the metal substrate 
of the sample. The extremes of the sample were placed on the base support. The base has two racks in vertical 
position and it was mounted over a load cell CDL-5. The cell has a measuring range of 0 to 6 kgf, Ortega et al. 
(2013), Ortega et al. (2014). A sensor LVDT (Daytronic DS 200), range: 0 - 8 mm, measured the tip displacement of 
the sample. The mobile part of the LVDT moved with the tip of the mechanical system. It allowed obtaining the 
strain-stress relation. The complete measuring system is presented in Fig.3. The AE system has a two channels PAC 
PCI-2 board with a resolution of 18 bits. Both channels were amplified by 40 dB. A R15D (150 kHz) sensor was 
placed on the external wall of left rack of the base support and a wide band sensor was placed on external wall of 
right rack. A coupling medium was used between sensor and rack wall. 
2.3. AE signal and its features 
The AE signals were obtained and were characterized with the AEwin software. The software configuration was 
set as in a preceding work, Ortega et al. (2013), Ortega et al. (2014) and according to NM 302-2005 EA (2005) 
standard. For each hit, AE features and waveforms were acquired. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Measuring system diagram. 
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The AE events produced the hits that were measured by both PZT sensors. The hits are generated by only one 
emission source at any given time. Two hits produced by the same event could be found if, for both hits: 
 Their load cell values are equal 
 Their LVDT displacement values are equal 
 Their AE amplitude values are similar 
 Their times are similar 
The AE features used to analyze the signals are represented in Fig.4. Several concepts are herein defined as 
follow: 
x Threshold: it is a prefixed value which depends on the phenomenon of interest. The signal must overcome this 
threshold to be considered as an AE event. 
x Amplitude (A): it is the maximum value of the amplitude of the electrical signal. It depends of the magnitude of 
the source and on the material properties.  
x Duration: it is the time elapsed since the signal first threshold crossing up to the signal last crossing. It depends of 
the magnitude of the source, the sample size, the employed sensor and the threshold. 
x Rise time (RT): it is the time from first threshold crossing until its maximum amplitude. It depends on the 
threshold and on the wave dispersion in the path between the source and the sensor. 
x Number of Counts: it is the number of times the signal crosses the threshold. It depends on the threshold and it is 
associated with the amplitude and duration. 
x Hit time: the hit starts at this time. It starts when the signal exceeds the threshold for the first time. 
x RA value: it is the ratio between the rise time (seconds) and the amplitude (dB). The 1/RA value represents the 
slope of the line from hit beginning to the maximum amplitude of peak. Fig.4 shows the parameters graph. 
x Average Frequency (AF): it is the ratio between the number of counts and the duration (microseconds). 
2.4. Test development 
In each test, the samples were positioned over the racks support with the ceramic layer downwards. A couplant 
medium was used between the rack and the sample extreme to obtain a better acoustic coupling. Then, the AEwin 
software started to run. Simultaneously, the digital microscope captured a video with the entire mechanical test 
including the moment when the tip of the mechanical system contacted the sample substrate. The motor was 
switched on to thrust the tip in descendent mode. The test finished when the load reached saturation values, around 4 
Kgf. 
3. Results and discussion 
     In the previous work mentioned, “typical events” were observed during the test when some AE features were 
evaluated, Ortega et al. (2013), Ortega et al. (2014). In this situation, hits with high amplitude (93dB) were 
measured at the beginning of the metal-ceramic interface debonding. In actual work, only the signals measured with 
the resonant sensor were analyzed because it is more sensitive than the WD sensor. The last one allows performing a 
better frequency analysis that will be study in future works. Fig. 5 shows load vs. time (blue dots) and AE amplitude 
vs. time (pink dots) curves for a test of debonding for a HT sample. It can be observed how the typical event 
belonging to the detachment moment is coincident with the abrupt load decrease. The load reduction is related to the 
decrease of opposition force of the metal/ceramic interface when the load tip thrusts the sample and initiates the 
separation, Ortega et al. (2013), Ortega et al. (2014), Xiang et al (2012). The opposition force depends on the metal 
substrate at this moment. The singular event could be observed in HT and WHT samples. Three WHT samples 
produced the singular event with an amplitude less than 93 dB, but around this value. 
The load evaluated during the detachment moment was called “debonding load”. In Fig. 6 (a), the debonding load 
is shown for 12 samples. In this case, the HT samples showed a similar and constant behavior but the WHT samples 
presented a higher dispersion. Fig. 6 (b) shows the debonding tip displacement for the samples. The HT samples 
supported larger loads with smaller strains, around 0.2 mm. 
481 Valeria I. Ortega et al. /  Procedia Materials Science  9 ( 2015 )  477 – 483 
 
 
 
  
 
 
 
 
Fig. 4. Parameters of an AE event 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Load (blue) and AE amplitude (pink) vs. time 
These samples presented an average debonding load of 1.334 kgf and a standard deviation of 0.068 kgf. The 
same variables for WHT samples resulted of 1.289 kgf and 0.226 kgf, respectively.  
The HT group responded with an average tip displacement equal to 0.187 mm and 0.010 mm of standard 
deviation. The WHT group responded with 0.191 mm of average and a deviation of 0.021 mm.      
The load and displacement relation allowed getting the curve of Fig. 7 (a). It gave some information about the 
elastic strain of the sample during the separation moment. 
The relation between AF and RA values was evaluated to characterize the debonding process, Paipetis (2012), 
Grosse et al. (2008). This relation, AF/RA, allows to know the crack kind and to classify the process in tensile or 
shear crack according to a bisecting line (see Fig. 7 (b)), Ohtsu (2007).  
 The HT and WHT groups (Fig. 8), produced predominantly singular events in the tensile crack zone. Therefore, 
these results confirm the previous results obtained in the preceding work, Ortega et al. (2013), Ortega et al. (2014). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 (a) Debonding load for both samples groups. (b) Debonding tip displacement for both samples groups. 
b a 
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Fig. 7 (a) Load vs. Displacement for a HT sample, (b) Tensile and Shear zone crack for AF/RA relation 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. AF vs. RA value for HT and WHT samples. 
4. Conclusions 
The AE Technique allowed characterizing the debonding interface moment in detail, through this study. The 
beginning of the ceramic detachment could be detected by the AE features and the load-strain curves analysis. At 
the detachment moment, the Amplitude was more representative than the others AE features. 
When the load starts to decrease notoriously, appears a singular event with high amplitude (§93 dB) during the 
separation. The HT samples presented debonding loads with constant tendency. The WHT samples resulted with 
higher dispersion. The first group showed a better load resistance with a lower strain than the second group. 
Both groups responded with singular events placed in the tensile crack zone of the AF/RA relation.  
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